Lecture Notes from the 

AIAA Air Breathing Pulse Detonation Engine Technology Short Course 

D.E. Paxson 

Abstract 

The following notes were prepared as part of an American Institute of Aeronautics and 
Astronautics (AIAA) sponsored short course entitled Air Breathing Pulse Detonation Engine 
(PDE) Technology. The course was presented in January of 2003, and again in July of 2004 at 
two different AIAA meetings. It was taught by seven instructors, each of whom provided 
information on particular areas of PDE research. These notes cover two areas. The first is titled 
Approaches to Cycle Analysis and Performance Metrics. Here, the various methods of cycle 
analysis are introduced. These range from algebraic, thermodynamic equations, to single and 
multi-dimensional Computational Fluid Dynamic (CFD) solutions. Also discussed are the 
various means by which performance is measured, and how these are applied in a device which 
is fundamentally unsteady. The second topic covered is titled PDE Hybrid Applications. Here 
the concept of coupling a PDE to a conventional turbomachinery based engine is explored. 
Motivation for such a configuration is provided in the form of potential thermodynamic benefits. 
This is accompanied by a discussion of challenges to the technology. 
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Analysis is Difficult-Why? 
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Approaches To Analysis: 1-D CFD 
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Comparing 1-D & 0-D 

Log(P t ) Log(T t ) , 
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Approaches To Analysis : 2-D CFD 

Detonation development and propagation in a tube with a wavy wall . 

(courtesy Sheng-Tao Yu) 



h= 0 
3 E 

CD LZ 

0 7 
LL 1 



■D 

0 

-I—* 

CD 

C 

'E 

o 

■D 

o 

g 

0 

E 

E co 
>* c 
co o 

"D CO 
0 C 

11 
CO -Q 
CO u 
0 0 
O 


CO 

0 


0 
CL 
CO 

= Q 




0 

C 

o 

"■4— > 
0 
C 3 
CT 
0 
i_ 
0 
C 3 

LU 

<_ 

O 

CO 


c o 
0 
CO 

0 

0 


0 

0 

C 

0 


O 
I I 


0 

o 

'-4— ' 
0 
C 

"0 

o 

E 

0 

O 

CL 

0 
-i— > 

0 


3 

E °- 

0 

0 " 0 

■Si 
8 .S 
0 0 
■4= CL 

3 E 


o 

o 

o 

04 

O 

O +J 
C\l 0 

CO X 


I 


CO 


cn 

0 

Q_ 

E 

CD 

X 

HI 


0 e 

- 1 — » »— 

0 !E 

=5 _Q 


Glenn Research Center 

Controls and Dynamics Technology Branch at Lewis Field 





Approaches To Analysis : 2-D CFD 
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Performance Metrics 

Few propulsion systems are developed based 
on only one metric. Most represent a 
compromise between... 



•Pressure ratio 

- A derived metric. Useful for some applications. 
Glenn Research Center 
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Performance Metrics 
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Performance Metrics 
Specific Impulse 

- Often computed using so-called one-shot calculation 

- This is not always correct. 
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Performance Metrics 
Specific Impulse 

- Often computed using so-called one-shot calculation 

- This is not always correct. 7000 ' 
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Performance Metrics 
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Performance Metrics 

Pressure Ratio 

- What if PDE is coupled to something else (e.g. multiple tubes w / 
plenum and common nozzle, turbomachinery, etc.)? 
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PDE Hybrid Applications 
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What is a Hybrid PDE? 
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Pulse Detonation technology combined with gas 
turbine technology. 
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Why Look at Them? 

Because PDE’s ‘look like’ Pressure-Gain 
Combustors. 

- Pressure-gain is better than pressure-loss. 
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Why Look at Them? 

Because PDE’s ‘look like’ Pressure-Gain Combustors. 
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Potential Configurations 

PDE replaces conventional combustor 
(and possible stages of compression) 
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Potential Implementations 

Spin the tubes (Wave Rotor) 
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Density Contours 
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Potential Implementations 
Ejector configurations may be necessary. 
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Considerations/Challenqes 

DISCLAIMER 

PDE’s are a technology in infancy. 
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Considerations/Challenqes 

AN UNORDERED LIST TO PONDER 
Initiation 

- Manv tubes, each firing at hundreds of hz. 




) 


Q .2 
Q 3 
c ~ co 

.2 to o 


CO 

b) 

0 


c/) 

5 O) 


LU 

Q 

a. 

"D 

0 
-)— > 

CO 

j— 

'o_ 

0 

CO 


O 

o 

0 

1 

CO 

c 

CO 


, O) F O) ±= 

^ 8 = I ~ ® 

m 0 'F 0 0 -^ < 
2 =3 b 0 >, CO 

I — U_ LU CO CO > 1 


0 

0 


s— 

0 


O 

0 

E 

o 

_Q 


06 

LU 
Q 
C L 

I 


Glenn Research Center 

Controls and Dynamics Technology Branch at Lewis Field 


Considerations/Challenqes 

...MORE 

Optimization 

- Cycle timing. 
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